The effects of dipolar coupling between a deuteron and a spin-j nucleus on the deuterium quadrupolar echo is calcu lated." Due to the dipolar coupling the quadrupolar echo amplitude is shown to decay to 1/2 times its initial value for t -+00.
Deuterium, spin-1, quadrupolar echo spectroscopy has become an important tool in the study of dynamic processes in solids and anisotropic liquids [1, 2] . Lon gitudinal (TJ relaxation of deuterium nuclei is com pletely dominated by the quadrupolar mechanism [3] . However, apart from the quadrupole interaction, the transverse (T2) relaxation can also contain contribu tions from dipolar couplings [4] , As a consequence, quadrupolar echo line shapes obtained as a function of the interpulse spacing should be interpreted with care [5] .
Because of the small gyromagnetic ratio y of the deuteron, dipolar coupling with nearby spins is com monly ignored. However, in systems with fast aniso tropic motion, dipolar dephasing of the quadrupolar echo due to residual dipolar interactions will cause the echo to decay faster than determined by the motion. Homonuclear dipolar interactions between deuterons have been studied by Boden et al. [6] . Recently, Heaton et al. [7] discussed the effects of 2H -14N di polar interactions on the deuterium quadrupolar echo. In both studies dipolar coupling between two three-level systems was considered. Here the dipolar interaction of deuterons with spin--nuclei will be dis cussed.
The Hamiltonian for the 2H spins is, at exact reso nance in the rotating frame, given by
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W d= 2Zsyz*_p{cosß) (3) r ■ / is the nuclear quadrupolar coupling constant which amounts to approximately 170 kHz for most deute rium nuclei. The internuclear distance between the spin-j and the spin-1 nucleus is given by r. Note that the asymmetry parameter of the electric field gradient is assumed to be zero. If no hydrogen bonds are in volved, this is an excellent approximation for most deuterium bonds [3] , For the dipolar Hamiltonian in (1), all terms containing transverse spin operators have been excluded. Fhe orientation dependence of both the quadrupolar and dipolar coupling can be expressed by the second rank Legendre polynomial. However, each coupling can in principle have a differ ent orientation dependence as expressed in (2) and (3).
Fhe quadrupolar echo pulse sequence is given by 289 3 wQ= -27i z 7*2(cos a),
In the absence of dipolar coupling, thus only taking the first term on the righthand side of (1), the wellknown result for the time dependence of the quadru polar echo, FQ(r), is given by FQ(r) = <coscoq( r-t)> .
Fhe obtained signal is a powder average over all orientations as indicated by the brackets. Recently, Bayerl and Bloom [8] discussed the effects of dipolar fields as produced by glass beads on the deuterium quadrupolar echo. Dipolar coupling of deuterium with spin--| nuclei can be treated in an analogous manner. Using the full Hamiltonian as given by (1), the time dependence of the nmr signal after the second pulse in the QE sequence can thus be written as
In (5) it is assumed that |coD| |coQ|. Fhus, due to the dipolar coupling only part of the signal is refocussed at t = t. Now the powder average of the signal can be calcu lated at the top of the echo, t = r. The dipolar coupling is orientation dependent as described by (3) and can be written as coD(/?) = coD(0) P2(cos ß). By means of the 0932-0784 / 91 / 0300-0289 $ 01.30/0. -Please order a reprint rather than making your own copy.
Notizen transformation properties of second-rank tensors, P2(cos ß) can be made to coincide with the deuterium electric field gradient tensor. Uniaxial motion can also be included through the addition theorem of spherical harmonics [9] . After these transformations one can write the dipolar coupling in terms of the powder angle 0 which describes the orientation of the symme try axis of molecular motions with respect to the static magnetic field. Thus one obtains ojD(ß) = coD(0) SP2(cos 0),
where S resembles an order parameter. For the real part of the powder average in (5) and imaginary parts of the Fresnel integrals. Equation (8) shows that for z -> oc the echo top amplitude will de cay to 1/2 times its initial value at t = 0. This be haviour is different from that of two dipolar coupled spin-1 particles. In that case the echo top amplitude decays to 2/3 times its initial value at r = 0 [6, 7] , It should be pointed out here that another, equiva lent, way of describing the dipolar interaction is given in Abragam's book [11] . The model describes the effect of the dipolar couplings on the free induction decay through an expansion F(t) = F( 0)
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where t = 2 z for the QE sequence. Note that the coeffi cients Ai are not the conventional moments of the dipolar spectrum. The expansion can be used for hetro-and homonuclear dipolar coupling, however, the extraction of coupling constants is not as straight forward as through (8) .
